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METHOD AND APPARATUS FOR ISOLATION AND 

PURIFICATION OF BIOLOGICALLY ACT lTE 

COMPLEXES 



FIELD OF THE INVENTION 

This invention relates to methods and apparatus for isolating and purifying 
biologically active compound complexes, such as immune complexes, from their native 
fluids, which are faster and more sensitive than methods disclosed up to this point. 

BACKGROUND OF THE INVENTION 

It has long been desired to purify and characterize biologically active compounds 
from their native fluids, e.g., blood serum. Examples of such compounds are enzymes, 
nucleic acids, antigens, and antibodies, as well as complexes thereof, such as immune 
complexes (i.e., antigen-antibody pairs). As noted in Daniel R. Vlock, in Immune 
Complexes and Malignancy, in Irnmunodia gnosis of Cancer. 2 nd Ed., ed. R. B. Herberman 
et al. (1991; New York: Marcel Dekker, Inc.), immune complexes have been implicated 
in a number of disease states. Their roles in autoimmune diseases, glomerulonephritis, 
infectious diseases, and neoplasia have been under investigation for over 20 years. 
Although there has been a large body of literature describing immune complexes in 
cancer, the role of immune complexes in malignancy is incompletely understood. 

Technical difficulties encountered in the detection of immune complexes have 
hampered their evaluation. Tests for immune complexes should be sensitive, specific, 
and reproducible. We have noted that by dissociating immune complexes through 
acidification and microf iltration of the patient's sera, we have been able to significantly 
augment the incidence and titer of these antibodies. Subsequent studies have 
demonstrated correlations with antibody titer and clinical course. Our previous 
methodology used a standard ultrafiltration chamber fitted with a 100,000 MW cutoff 
membrane. A drawback of this technique, however, is that it takes between 48 and 72 
hours to process a single serum specimen. 

This difficulty in purifying and characterizing other biologically active 
compounds is by no means limited to immune complexes. Conventional purification 
and characterization means, e.g., affinity separations on gels or membranes, or liquid 
chromatography, is not only too slow but is also not sensitive enough and typically 
results in poor recovery. In membrane applications it is important to control the rate of 
fluid passage through the membrane to allow the biologically active compound or 
complex to bind. This is difficult to do, however, if using conventional means to move 
the fluid through the membrane, such as pressure or vacuum, and highly impractical to 
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make inexpensive, disposable devices using the pressure or vacuum design principle. 
The equipment used employing these conventional techniques also requires more skill 
and effort to perform the analyses than is desirable. Also, such existing methods are not 
easily adaptable for multi-sample processing, or to automation. It is therefore an object 
5 of this invention to provide a simple, reproducible and inexpensive method for 
isolating and purifying biologically active compound complexes and components 
thereof from serum (and an device for doing so) that is faster than prior methods, but 
with no loss in sensitivity or yield. 

SUMMARY OF THE INVENTION 

10 The invention relates to a method of purifying biologically active compound 

complexes comprising the steps of a) providing a centrifugal device for preferentially 
removing such complexes from a fluid, the device comprising at least one capture unit 
comprising an upper chamber for receiving fluid to be treated; a lower chamber in fluid 
communication with the upper chamber, for receiving filtrate; and a porous capture 

15 membrane layer disposed between the upper and lower chambers, the membrane layer 
having ligands for preferentially binding a biologically active compound; b) adding a 
fluid sample to the upper chamber and centrifuging the device to produce a filtrate; c) 
removing the filtrate from the lower chamber; d) treating the porous capture 
membrane layer with an eluting solvent which promotes the dissociation of the 

20 complex into its components so as to elute the components off the membrane layer; e) 
centrifuging the device to produce a second filtrate; f) transferring the second filtrate to 
a separation device having an upper chamber for receiving fluid to be treated; a lower 
chamber in fluid communication with the upper chamber, for receiving filtrate; and an 
ultrafiltration membrane layer disposed therebetween that is sized to allow at least one 

25 component of the complex to pass through; and g) centrifuging the separation device to 
produce a third filtrate. 

The invention further relates to a system for preferentially removing biologically 
active compound complexes from a fluid comprising a) a centrifugal device comprising 
at least one capture unit comprising an upper chamber for receiving fluid to be treated; 

30 a lower chamber in fluid communication with the upper chamber, for receiving filtrate; 
and a porous capture membrane layer disposed between the upper and lower 
chambers, the membrane layer having ligands for preferentially binding a biologically 
active compound, and b) a separation device comprising an upper chamber for 
receiving fluid to be treated; a lower chamber in fluid communication with the upper 

35 chamber, for receiving filtrate; and an ultrafiltration membrane layer disposed between 
the upper and lower chambers, the membrane layer sized to allow at leastone 
component of the complex to be filtered through. 
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DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts an embodiment of a device according to the invention, in 
longitudinal cross-section. 

DESCRIPTION OF THE INVENTION 

Our invention relates to methods and systems for purifying biologically active 
compound complexes. A surprising advantage of our invention is that purifications of, 
e.g., immune complexes, which until now took up to five days to carry out, may now be 
done in as little as two hours. 

An exemplary embodiment of a device for use in the invention is shown in 
longitudinal cross-section in FIG. 1. Device 10 (hereinafter termed "centrifugal device") 
comprises upper chamber 11, into which fluid sample to be processed is placed. Upper 
chamber 11 is defined by the substantially cylindrical wall 13. At the upper edge of 
wall 13 is found cap 18, which protects the contents of upper chamber 11. Cap 18 can 
be, e.g., snap fit on or attached by a screw thread. At the lower edge of wall 13 is a 
capture membrane locking sleeve 16, which securely sandwiches capture membrane 
layer 15 between the interlocking locking sleeve 16 and chamber end cap 17. Capture 
membrane layer 15 thus forms a semi-permeable barrier between upper chamber 11 and 
lower chamber 12, which has a closed end to form a fluid receptacle. The membrane 
may also be secured by other conventional means, e.g., by using an o-ring. 

Chamber end cap 17 is designed to frictionally fit into cup 14, which defines lower 
chamber 12. In this manner the entire unit may be placed into a centrifuge shield for 
centrifugation. When device 10 is spun in the centrifuge, fluid sample is pulled from 
upper chamber 11 to lower chamber 12 through capture membrane layer 15. The 
filtrate thus produced in cup 14 may then be decanted by detaching the cup. 

The capture membrane layer is a porous membrane having ligands for 
preferentially binding a biologically active compound (and, thus, the complex of which 
the compound is a component). (The word "membrane" as used herein is meant to not 
only refer to true "membranes", but to all forms of porous planar filter media, e.g., 
papers, etc.) The capture membrane material may be any material suited to this 
purpose; the membranes, and means for coupling ligands to ("activating") the 
membranes are well-known, for example, cellulosic, nylon, and polysulfone membrane 
materials, The nature of the membrane is important inasmuch as it should be fairly 
inert with respect to the solvents used, and the biologically active compounds of 
interest, and must allow for the ligand attachment. The pore size of the membrane 
material is dependent on the particular biologically active compound sought to be 
isolated, but, in general, the average pore size must be at least large enough to allow 
unwanted components to pass through the membrane layer. Membrane materials that 
we have found useful, while not intended to be limiting, may be found in Table I. 

-3- 
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Microfiltration and ultrafiltration ("UF") type membranes are preferred, with 
microfiltration membranes particularly preferred. 



Table I 



Membranp M^mp* 


Membrane Type MWCOf 


Class if ication 


I LUj 


Cellulosic 


500 


Ultrafiltration 


YM1 


M 


1000 






11 


3000 




YM10 


il 


10000 




YM30 


II 


30000 


II 


YM100 


ti 


100000 


If 


PM10 


Polysulfone 


10000 


II 


PM30 




30000 


II 


XM50 


DYNEL™ 


50000 


it 


XM300 


il 


300000 


il 


GLS.2 


Polysulfone 


0.2*4 


Microfiltration 


GLS.45 




0.45u$ 


ii 


"Bio-38" 


Cellulosic 


5u* 


tr 


*Amicon, Inc., Beverly, Mass. 


tmolecular weight cutoff . tavg. pore size 



The more important factor in selecting a capture membrane layer is the 
20 biologically active compounds themselves, because the nature of the compounds will 
most determine a) the particular ligand to be attached to the membrane and b) the 
membrane material to be used. The choice of ligand is more important because the 
complex will not bind to the membrane otherwise. Exemplary ligands are shown in 
Table II. Other ligands, or combinations thereof, may be arrived at by those of ordinary 
25 skill in the art. 
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Ligand 

protein A 

protein G 

lectins 

antibodies 

antigens 

chiral moieties 

strep-avidin 

biological complexes 

a- chymotrypsin 

nucleic acids 

The capture membrane layer may preferably comprise one or more sheets of 
membrane, one laid on top of the other. This is particularly advantageous, because 
several sheets of membrane laid on top of each other increase the capacity for the 
biologically active compound on the membrane, and enhance mass transfer and 
opportunity for binding of the biologically active compound to the capture membrane 
layer. 

The isolation or purification of biologically active compound complexes according 
to our invention may be carried out as follows. Fluid, for example, blood serum, 
containing the biologically active compound complex(es) of interest is first placed into 
the upper chamber of the centrifugal device generally described above. The device is 
then placed into a centrifuge and spun for a time and speed sufficient to move the fluid 
component from the upper chamber through the capture membrane and into the lower 
chamber, thus producing a filtrate. The biologically active complex(es) will 
preferentially bind to the membrane. The optimal centrifuge time and speed used may 
be chosen without much effort; at too high a speed, it can be anticipated that some of 
the biologically active compounds of interest, passing through the membrane too 
quickly, will not bind and will be lost in the filtrate. It is therefore advisable to use a 
slower speed initially and gradually work the speed up in subsequent runs if desired. 
The centrifugal device only needs to be spun long enough to remove liquid from the 
upper chamber; when employing an ultrafiltration membrane, however, the membrane 
must be left moistened. Temperature-sensitive samples may be processed in a 
temperature controlled centrifuge environment if necessary. 
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The device may then be removed and the capture membrane preferably washed to 
remove unbound compounds, with one or several volumes (each wash volume 
preferably roughly equal to the fluid capacity of the upper chamber) of, e.g., DI water or 
a neutral buffer solution, with centrifugation following each wash. The filtrate and 
washes may be saved or discarded as necessary by detaching the cup on the bottom of 
the unit, decanting the fluid and reattaching the cup. After this, the capture membrane 
is treated with an eluting solvent as described below. 

An example of how certain immune complexes may be isolated and purified from 
blood serum is as follows. The complexes may be purified and concentrated on a 
capture membrane layer having protein A ligands. After the first centrifugation step, 
the capture membrane layer is treated with an eluting solvent such as acidic buffer 
solutions, e.g., pH 2.5-3.5; salt solutions; and solutions containing competitive 
substrates. A particularly preferred eluting solvent is an acidic (e.g., gly cine-saline 
buffer, pH 2.5-3.5) solution, which causes dissociation of the immune complex into its 
components, antigen and antibody. Dissociation also removes the immune complex 
from the capture membrane. The buffer pH should be low enough to dissociate the 
immune complex components from each other, but not so low as to denature them or 
damage the capture membrane. 

After the immune complex components are eluted by centrifugation, the filtrate in 
the lower chamber is then transferred to a second device, hereinafter termed 
"separation device", which is substantially of the same design as that in FIG. 1, but 
comprising an membrane (preferably an ultrafiltration membrane) sized to 
preferentially allow one of the immune complex components to pass through. 
Examples of membranes that may be used are shown in Table I, above. Those of 
ordinary skill in the art will know how to select an appropriate 
membrane / MWCO/ average pore size, but we have found that a ultrafiltration 
membrane with a MWCO of 100,000, e:g., AMICON® YM100, is preferable for most 
purposes. Once the sample containing the dissociated immune complex components is 
transferred to the separation device upper chamber, the separation device is then 
centrifuged under conditions "as described above to separate the components. The 
individual components may be easily assayed thereafter. 

It should be noted that the embodiment of the device described above may be 
reconfigured into many different embodiments and combinations. Likewise, the 
method of the invention may be employed in combination with other analytical tools to 
achieve a particular end. For example, the device described above could be configured 
from a single tube-type apparatus into a unitary plate containing an 8x12 array of 
"upper chamber" wells (i.e., in the standard 96 well plate configuration) in order to use 
the variety of equipment and methodologies, e.g., centrifuges, plate readers, that 
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support the format. Continuing further with this example, this "capture plate" would 
snap onto or otherwise cooperatively attach to a standard 96 well plate to allow 
individual centrifugal isolation or purification as previously described herein. 
Furthermore, capture plates having different capture membrane layers specific for 
different biologically active compounds could be stacked on top of one another to 
isolate each biologically active compound from the other, thus reducing several 
separations to one. In another embodiment along these lines, the bottommost capture 
plate could be made having capture membranes in each well which may be used for 
membrane-bound ELISA assays. 

The device described in FIG. 1 above could also be configured to stack "upper 
chamber" units in one "single-position" device to isolate different biologically active 
compounds from a fluid in one step, as in the 96 well capture plate just described. Such 
a capture device would have a greater capacity for each biologically active compound, 
and, with an appropriate variety of capture membranes, would allow the researcher to 
custom configure a device for his or her own requirements. The advantage that all 
these 'stackable' embodiments of our invention share over current affinity membrane 
methods, i.e., vacuum, positive pressure or gravity pull through the membrane, is that 
the force pulling the sample through the membrane will be equal in each "upper 
chamber", which is critical for ensuring equality of mass transfer, and thus consistency 
of biologically active compound retention, over each capture membrane in the device. 

.One further convenient advantage of the embodiment shown in FIG. 1 is that 
elution of the biologically active compound(s) retained on the membrane may be done 
by inverting the unit, adding eluting solvent to the receptacle formed by the cylindrical 
wall of chamber end cap 17, and centrifuging the inverted unit so as to elute into the 
cap 19. 



WO 95/27546 



PCT/US95/03923 



What Is Claimed Is: 

1- A method of purifying biologically active compound complexes comprising 
the steps of 

a) providing a first centrifugal device for preferentially removing said 
complexes from a fluid, said device comprising at least one capture 
unit comprising 1) an upper chamber for receiving fluid to be treated; 
2) a lower chamber in fluid communication with said upper chamber, 
for receiving filtrate; and 3) a porous capture membrane layer disposed 
between said upper and lower chambers, said membrane layer having 
ligands for preferentially binding a biologically active compound; 

b) adding a fluid sample to said upper chamber and centrifuging said first 
centrifugal device to produce a filtrate; 

c) removing said filtrate from said lower chamber; 

d) treating said porous capture membrane layer with an eluting solvent 
that promotes the dissociation of said complex into its components, so 
as to elute said complex off said porous membrane layer; 

e) centrifuging said first centrifugal device to produce a second filtrate; 

f) transferring said second filtrate to a second separation device having 1) 
an upper chamber for receiving fluid to be treated; 2) a lower chamber 
in fluid communication with said upper chamber, for receiving filtrate; 
and 3) an ultrafiltration membrane layer disposed therebetween that is 
sized to allow at least one of said components to pass through; and 

g) centrifuging said second separation device to produce a third filtrate. 

2. The method of claim 1 wherein said complex is an immune complex. 

3. The method of claim 1 wherein said eluting solvent is selected from the 
group consisting of acidic buffer solutions; salt solutions; and solutions 
containing competitive substrates. 

1. The method of claim 1 wherein said membrane layer comprises a plurality 
of membranes in a stack. 

5. The method of claim 1 wherein said membrane layer of Said first centrifugal 
device is of the microfiltration type. 

). The method of claim 1 wherein said capture membrane layer is selected 
from the group consisting of cellulosic, nylon, and polysulfone membrane 
materials. 
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7. The method of claim 1 wherein said ligands are selected from the group 
consisting of protein A, protein G, lectins, antibodies, antigens, chiral 
moieties, strep-avidin, biological complexes, a-chymotrypsin, nucleic acids, 
and combinations thereof. 

8. The method of claim 1 wherein said device comprises a plurality of said 
capture units. 

9. The method of claim 8 wherein said capture units are laid out in a planar 
8x12 array. 

10. A system for purifying biologically active compound complexes comprising 

a) a centrifugal device for preferentially removing said complexes from a 
fluid, comprising at least one capture unit comprising 

1) an upper chamber for receiving fluid to be treated; 

2) a lower chamber in fluid communication with said upper chamber, 
for receiving filtrate; and 

3) a porous capture membrane layer disposed between said upper and 
lower chambers, said membrane layer having ligands for 
preferentially binding a biologically active compound; 

b) and a centrifugal device comprising 

1) an upper chamber for receiving fluid to be treated; 

2) a lower chamber in fluid communication with said upper chamber, 
for receiving filtrate; and 

3) an ultrafiltration membrane layer disposed between said upper and 
lower chambers, said membrane layer sized to allow at least one 
component of said complex to pass through. 

11. The system of claim 10 further comprising a centrifuge. 

12. The system of claim 10 wherein said capture membrane layer comprises a 
plurality of membranes in a stack. 

13. The system of claim 10 wherein said capture membrane layer is of the 
microfiltration type. 

14. The system of claim 10 wherein said capture membrane layer is selected 
from the group consisting of cellulosic, nylon, and polysulfone membrane 
materials. 

•9- 
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1 15. The device of claim 10 wherein said ligands are selected from the group 

2 consisting of protein A, protein G, lectins, antibodies, antigens, chiral 

3 moieties, strep-avidin, biological complexes, a-chymotrypsin, nucleic acids, 

4 and combinations thereof. 
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18- 


12- 


-84 


SE-A- 


8302638 


10- 


■11- 


-84 


US-A- 


4783264 


08- 


•11- 


-88 



US-A-5003047 


26-03-91 


NONE 






EP-A-588564 


23-03-94 


CA-A- 
JP-A- 


2105962 
6315603 


19-03-94 
15-11-94 


W0-A-8501941 


09-05-85 


AT-T- 
DE-D- 
DE-T- 
EP-A- 
JP-T- 


111490 
3486350 
3486350 
0162078 
61500226 


15- 09-94 
20-10-94 

16- 03-95 
27-11-85 
06-02-86 


US-A-4663049 


05-05-87 


N0NE 







Form PCT/ISA/2I0 <patem family tnnex) <Joly 1997) 



